Introduction
Siderophores [1] [2] [3] , a large family of natural compounds, play an im portant role in the iron transport into cells of microorganisms. Some of these compounds, namely aerobactin (la ) [4] , arthrobactin (lb ) [5] and schizokinen (lc ) [6 -8] are citric acid derivatives. Schizokinen was isolat ed from Bacillus megatherium [6] and blue-green algae Anahena [7] , This com pound stimulates Anabena growth in the case of iron starvation [9] , Aerobactin was found to be excreted by pathogen ic E. coli species and was presumed to be a viru lence factor; is probably due to better iron acquisi tion [10] . Total syntheses of schizokinen, aerobac tin and arthrobactin have been already described [11] [12] [13] . Recently we have presented [13] a new m ethod of the synthesis of homoschizokinen and schizokinen, which excluded the possibility of imide formation.
The highly specific iron transport system works by forming a siderophore-iron complex and by its competition to a suitable protein receptor [14] . So far, only the aerobactin-iron complex has been studied and the ligands configuration around the central ion has been determined as A [15] . In this complex, iron is surrounded by oxygen atom s of the hydroxyl and carbonyl groups, and by four oxygen atom s of two N-hydroxyamide bonds. Schizokinen and aerobactin differ from each other Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0932-0776/91/0100-0117/S 01.00/0 in the length o f the carbon chain of the "arm s" sur rounding the iron ion with a defined radius. This fact must influence the stability of the respective complex and, correspondingly, the siderophore activity of the com pound. It is assumed that the schizokinen "arm s" are much too short.
Results and Discussion
In the present work we describe the synthesis and biological properties of three siderophore analogs. These com pounds were expected to offer the opportunity for studying the effects of varying arm length on siderophore activity. All the new analogs are of "retro" type i.e. the direction of N-hydroxyamide bonds is opposite to that of na tural siderophores. As stated earlier, the biological activity of siderophores is not affected by the "re tro " change [16, 17] , On the other hand, amino acid substrates taken for the syntheses are readily available. Moreover, the methyl group of the acetic acid acyl residue, which is not essential for iron complexation, was replaced by the ethyl group of the easily available N-ethylhydroxylamine. We obtained three "retro"-type analogs ( 2 a -c ) with residues of /^-alanine, y-aminobutyric acid and £-aminocaproic acid. The carboxyl group was disregarded, as it occurs only in aerobactin analogs.
The synthesis ran as follows: carbobenzoxy derivatives o f /^-alanine, y-aminobutyric and fi-aminocaproic acids ( 3 a -c ) were transformed into the respective N-ethyl-N-hydroxyamides ( 4 a -c ) in reaction with N-ethylhydroxylamine (Scheme 2). We tested several methods previously applied for amide synthesis, to finally develop a 5,5-Dimethylenecarboxy-1,3-dioxolan-4-one derivative, which was previously suggested as an useful intermediate in the synthesis of aerobactin [11 ] , finally appeared useless in the synthesis of symmetric diamides o f citric acid. Therefore we used DCC and a suitable alcohol to obtain two ac tive esters of citric acid: bis-pentachlorophenyl (7b) and di-N-hydroxysuccinimidyl (7 a) in good yield (Scheme 3).
The condensation reaction of the amines 5 a -c with active esters (7 a) and (7 b) afforded terf-butyl esters o f siderophore analogs (8 a -c ) in good yields, whereafter the terf-butyl group in 8 a~c was removed with trifluoroacetic acid (Scheme 4). The analogs 2 a -c obtained in this way were purified on a Sephadex G-10 column and lyophilized. Their structures were confirmed by mass and N M R spectra for white, hygroscopic lyophilisates. In MS spectra the characteristic fragmentation [M-18]+ was observed. The analog 2a was obtained directly without isolating its te r t-b u iy \ ester (8 a). The se lected synthetic strategy excludes imide formation [13] . The data concerning the biological activity of obtained com pounds are summarized in Table I .
The siderophore activity of analogues of side rophores (2a) and (2c) were tested in respect Arthrobacter flavescens # ATCC 29091 using rhodotorulic acid as a standard. In this model compound 2 a was found to be inactive, while the activity of 2 c was 2 -3 orders of magnitude lower than that of rhodotorulic acid. On the other hand the analogue 2b was tested in respect to Escherichia coli HB 101 fe p A, ent (pA B N 6) using aerobactin as a stand ard. The latter strain is not able to produce or transport enterobactin and harbors a plasmid: p A B N 6, which contains only the right extremity of the aerobactin operon. Hence it does not prod uce any siderophore but can transport compounds of this type and use them for iron supply. The com pound 2 b showed rather poor siderophore ac tivity in this test (growth zones were 9 mm for com pound 2 b and 18 mm for aerobactin).
The above data indicate, that as expected, the "arm s" o f 2 a are too short and therefore this com pound cannot act as a siderophore. Compounds 2 b and 2 c contain a bit longer side arms and there fore show some siderophore activity.
Nevertheless both compounds are less active than siderophore of natural orgin. 2-f£v7-Butyl-di-hydrogen citrate (6) and 2-tertbutyl-l,3-di-(N-hydroxysuccinimidyl) citrate (7a) were prepared acc. [13] .
N -Ethyl-N-hydroxyam ides o f co-amino acid (5a~c)
N-Ethyl-N-hydroxyam ides of N-benzyloxycarbonyl-co-amino acid (4 a), (4 b) or (4 c) (5 mmol) was dissolved in 15 ml of ethanol with a few drops of pyridine. The sample was hydrogenated in the presence o f 5% Pd on charcoal (Koch-Light Lab.) until no Cbo-protected com pound existed (TLC test; solvent system chloroform /m ethanol/acetic acid 7:2:1). The mixture was filtered, washed with ethanol and water and the solvents evaporated, yielding white, thick oils. 
N-Ethyl

2-tert-Butyl-1,3-bis(pentaclilorophenyl) citrate (7 b)
To the solution of 2,48 g (10 mmol) of (6) 
tert-Butyl esters o f analogues o f citric siderophores (8)
A) To a solution of 372 mg (0,5 mmol) 2-tertbutyl-l,3-bis(pentachlorophenyl) citrate (7b) in 7 ml dioxane 1,18 mmol of N-ethyl-N-hydroxyamide (5a), (5b) or (5c) were added. Then the sol vent was evaporated under reduced pressure and semisolid mixture was extracted several times with ethyl ether to remove a pentachlorophenol. The residue was dissolved in water and passed through a small Zeolite 225 (H +, 100-200 mesh) column. After evaporation, the oily residue was finally pu rified on silica gel column with benzene-ethyl ace tate as solvents.
B) The solution of 221 mg (0,5 mmol) of 2-tertbutyl-l,3-di-N-hydroxysuccinimidyl citrate (7a) in 7 ml of dioxane was treated as in A) with 5 a, 5 b or 5 c. Then the solvent removed and the residue was dissolved in 5 ml of water and purified with Zeolite as in A). The filtrate was evaporated to oily resi due. The mixture of the product and N-hydroxysuccinimide was finally separated on a silica gel column (eluent as above) or on Sephadex LH-20 column with chloroform-ethyl acetate system ( 1 :1, v/v). Yields and N M R data in the Tables II and  III Tables II and III. Synthesis o f 2 a without isolation o f tert-butvl ester (8 a)
The equim olar solution of 2-tert-bu ty\-1,3-di-Nhydroxysuccinimidyl citrate (7 a) (1 mmol, 442 mg) and 356 mg (2,1 mmol) of N-ethyl-3-aminopropiohydroxam ate (5 a) hydrochloride in 20 ml o f dioxane was treated with 0,3 ml (2,1 mmol) o f triethylamine. After 15 h the solvent was removed and the mixture dissolved in 6 ml of w ater and passed through Zeolite 225 /H +/. The com bined fractions containing the desired sub stance were evaporated and dry residue dissolved in 0,5 ml of trifluoracetic acid. After 30 min this solution was finally purified using Dowex 1-X4 (H C O O -, 100-200 mesh) column. The crude, glassy, brown solid was dissolved in 40 ml of water mixed with a solution o f 150 mg of 8-oxyquinoline in 40 ml of m ethanol and stirred for 2 h. Then the water layer was extracted several times with CHC13 and was lyophilized. Finally this product was on Sephadex G-10 purified as described above and lyophilized once more. The com pound is identical with this obtained from /er/-butyl ester (8 a) (see Tables II and III) . Yield 61 %.
Biological activity
The ability o f am ino acids analogues of citric acid siderophores (2 a), (2 b), (2 c) to support growth of Arthrobacter flavescens # ATCC 29091 and Escherichia coli HB 101 fep A, ent (pA B N 6) was studied by using the disc diffusion technique on agar surface as described [17, 20] , This work was supported by grants CPBR 3.13.6 and CPBP 01.13.2.6.
